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MEMO TO: D. V. Terrell 
Director of Research 
B. 3. 6. 
D. 1. 7. 
Since the time of its inception on the Rosemont- U.S. 27 
Underpass Project* in 1952, the so-called dense-graded aggregate base 
has been used on several different construction jobs . In many instances 
it has been a part of a combined base as a provision !or leveling above 
or below water-bound macada]n., although there are a number of roads 
on which a single course of dense-graded aggregate was laid over exist-
ing traffic-bound material prior to surfacing with a bituminous paveme.nt. 
To ·the best of my knowledge, all the dense-graded base placed 
in 1952 contained calcium chloride, and the calcium additive has been 
generally considered a part of this type construction. However, when 
Special Sp-ecification No. 58 covering this class of base was developed, 
the Specifications Committee made particular effort to provide for other 
additives, and more so to provide for construction without any additive . 
In an effort to examine the merits of a dense-graded base 
without an additive, the Division oi Design chose for study one of several 
projects of this type let to contract during 1953. This project consisted 
of approximately 11. 6 miles of single course base and surface construc-
tion on the Phil-Pine .Grove Road in Casey County. The Resea.rch Divi-
sion was asked to follow the work and make records of construction 
features and other conditions that might have a bearing on the performance 
of the road. An initial report, prepared by Ellis G . Williams and appli-
cable mainly to construction, is attached. 
* ·IIA Limestone-Calcium Chloride .Stabilized Base, 11 Report No. 1, 
August, 1952. ' 
Mem.p to D. V. Terrell - 2 - December 31, 1953 
Several significant points are brought out, and mast of them 
are summarized as numbered observation~ and conclusions beginning on 
page 11. A satis!actory procedure for placing the material eo that it 
beca:rne fi:rrn and still did n.ot ravel excessively under construction traffic 
was worked out as the job progressed. There is no reason to believe 
that the base will shift under reasonable traffic loads , nor that it will 
soften.. In other words, from the standpoint of actually accomplishing 
con~truction of dense - graded bases without calcium- chlortde additives, 
feasibility has been shown. 
The records leave some doubt about the relative structural 
qualities of dense-graded bases with and without calcium chloride, mainly 
because of differences in the gradation and type of stone used on this pro-
ject as compared with stone u.sed in other projects where calcium chloride 
was added. Both the density values and the observed condition of the base, 
particularly with regard to operation of equipment spreading the overlying 
bituminous mix, gave the impr~sion that more could have been accomplish-
ed under different circumstances. 
Obviously the relative merits will not be proved solely by com .. ' ' 
~isons between this and. other projects, but'-" great deal of pertinent in-
formation has been obtained. Best of all, the features observed in 1everal 
of these projects have led to a point of view which ·.Mr. Williams br0ught 
o:u.t to a limited extent in .his reference to triaxial tests. It can be reason-
ably a~sumed that aside from the obvious effects of gradation on the binding 
qualities of a stone in bases of this type , cementation varies with difference• 
in the composition of the stone, and possibly the .extent to which cementa .. 
tion can be facilitated by calcium chloride varies with changes in the stone 
also. ·As indicated by Mr . Williams comments at the bottom of page 10 of 
the report, an extensive series of laboratory tests directed toward cementa-
tion values is proposed. The desirability and extent of this approach will 
be brough up for more specific discussion during the meeting of the 
R~sea:rch Committee in January. 
Respectfully submitted, 
~e.~ 
L . E~ Gregg 
Assistant Director of Research 
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IN T RODU CTI ON 
Favor a ble e xper i enc e w ith dense-graded bases c ontaining cal-
cium chlor ide ( 1) created inter est -in similar mixtures contairling onl y 
wate-r as a b onding agent. As- a r esul t of this interest, a project for 
base -and surface construction was set up on the Phil-Pine Grove Road 
in Casey Cou nty (See Fig . I ) to per mit study of this method of base 
construc tion . T he w or k was c a rr i e d out during the period of Augus t 
t o Octob e r, 1%3. 
T h e pavement, which -i s 1 1. . 62 m i. long, was constructed by 
c ontra<:: t . It h ad 2 in . of traffic-bound base (creek gravel) and appear-
ed to be in r ath e r uniform condition with few obvious l y weak areas . 
Cour ses c onstructed i n thi s project w e re a 3 -in . dense-graded base 
overlain by 1. 5 i n . of C lass C - 1 bitum inous surface . Aggr egate u s e d 
i n b oth c ou r ses c ons i s t ed e n tire ly of crushed limestone . An KT- 2 
p r ime of a ppr oximately 0 . 3 g a l. per sq . y d . was applied to the dense -
gr ade d b ase p rior to surfacin g. 
The p r' n cip l e obje c t ives of the project wer e; to determine the 
f easibility of u s in g dense ~graded bases w i thout additives, othe r than 
water ; a n d t o establis h construc tion m ethods which avoi d r aveling or 
disintergra tion of the base p rior to surfacing. 
C ONST R U C TION 
C onstruct i on w as c a rr i e d out with t h e road open to traffic . This 
i s , h owever, a rura l c onne c t ing link and normal traffi c volume is small. 
{1 ) ''A Limest one - Calcium Chlo r ide Stabilized Base1 ' by W . B . Drake, 
Prese n t ed to R esearCh-commil 'tee :Tanuary--z , 1953 . 
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Fig. 1. Sketch map showing the general area of the Casey County 
project. The Phil-Pine Grove road is indkated by heavy dashed 
line connecting SR 35 and SR 70. Crushed limestone was pro-
duced by the Casey Stone Comp.any near Bethel Ridge. 
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The material haul for surface construction passed over freshly c on-
structed base and provided the principal traffic loading . 
Prior to construction the roadbed was dressed wi th a gr ader 
to correct deficiencies in section and when necessary, in width .. 
Sh,ouldering material was placed at the edges to permit1 its use as 
earth forms during construction of the base . Construction star ted a t 
the western ·end of the road on August 24, and proceeded eastward . 
Equipment . Base stone was p l aced with a towed spreader box 
featuring a gate opening in line with the axle assembly {See F i g . 2). 
Thjs box proved very satisfactory as a yt1ean s of uniforml y distributin g 
stone regar dle ss of the height of the towing truck. 
Two sprinkler trucks , each having a capacity of 1000 gal. w e re 
used for the wetting of aggregate pr i or to m ixing . 
Manipulati on of aggregate was accomplished with a motor gr ader 
of the usual type . An edger was attached to the grader blade for l a yin g 
out base stone . 
Two types of rollers , a pneumati c and an ordinary thr ee-whe el, 
were provided for base construction. The pneumati c rolle r (F i g . 3) 
was designed by the contractor and could be operated e i ther fo r ward or 
backward . Thi s eliminated turning .of the roller and r isking damage to 
the base. The roller had 16 wheel s in two rows - the rows staggered t o 
give complete coverage for the entire width of the roller. Sixteen 
thousand pounds of loose stone, added to the roller box, provided a 
loading of 1000 lb . per wheel. 
Fig. 3. Pneumatic roller in 
operation. This roller 
has 16 wheels mounted 
in two rows of 8 and stag-
gered to give complete 
coverage. Ballast of 
16,000 lb. provided a 
loading of 1, 000 lb. per 
wheel. The roller fea-
tures center mounting of 
the wheels which enables 
operation in either direc-
tion without turning. Tow· 
ing tractor operated both 
forward and backward 
during the operation. 
Fig. 2. Spreader box used 
in placing dense-graded 
aggregate. Note mount-
ing of adjustable gate in 
line with the axle. This 
feature, permitting rota-
tion of the box without ef-
fecting gate height, pre-
vented variations in the 
windrow even though 
truck tow bars were not 
all at the same height. 
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Mixing. As a result of the road being open to traffic, an attempt 
was made to construct the base in single-lane widths. A section 0. 2 
mi. long at the western end of the project was constructed in this 
manner {Fig. 4). After compl etion of this short section, the method 
waf:i abandoned as impractical. Proper manipulation could not be ac-
complished, the result being undesirable segregation of aggregates. 
The remainder of the project was constructed in full 18-ft. widths, 
which, of course, required the base to carry traffic during all stages 
of construction and curing. 
Mixing on all but the initial section of the r<;>ad was accomplished 
as follows: The full quantity of stone was placed in one kind row and 
spread to approximately one - half the full width afte r which wetting com-
menced. Sufficient water was added to raise the moisture content of 
the aggregate to a range of about seven to nine percent . For a com-
ple'tely dry stone in a 3 - in. depth, 27,000 to 32,000 gal. of water per 
mi. would be required, but stockpiled or even fresh crushed aggregates 
have moisture contents in the range of one to three perceii:. This being 
the case, actual water applied to produc e desired moisture contents was 
in the range of 18,000 to 25 , 000 gal. per mi . 
I I 
As the work progressed a number of observations pertinent to 
the addition of water wer·e not ed as follows : 
Visual inspection of the material during and p.fter mix-
Lq.g is probably the best method pf determining !W'hen proper 
wetting has been accomplished . Apparently, the best densi-
ties are achieved when the moisture content is just high en-
ough to cause water to surface under roller action. Small 
quantities of fines are flushed to the surface and a slurry is 
formed . Aggregate wetted to this extent flows evenly from 
the blade during mixing but does not slump appreciably when 
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Fig. 5. Pneumatic rolli ng of 
base. Rolling started at 
the edges and proceeded 
toward the center. Roll-
ing continued until the base 
had a uniformly dense ap-
pearance - usually accom-
plished in four to six passes . 
Fig. 4. Grader attempting to 
lay out aggregate for one 
lane construction. This 
method of construction 
was impractical and was 
abandoned after completion 
of the 0. 2-mi. section 
par tially shown here. 
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windr-owed. Addition of excessive quantities of water re-
sults in segregation of fines and consequent loss of fine 
aggregate and water to the subgrade . Slightly insufficient 
water permits good mixing but it produces a bulking con~ 
dition which prevents proper compaction by the roller. 
Water requirem-ents also depend upon factors other 
than the aggregate. Moisture content of the stone has 
already been noted. Porosity of the stone may also be 
important in that porous aggregates will require more 
water than will dense aggregates. Condition of the sub-
grade is also important; its degree of saturation and type 
may have considerable influence. A dry subgrade, es-
pecially one sandy in nature 1 may absorb a considerable 
portion of the mixing water. ' 
In most cases the full quantity of water was added prior to mani-
putation. The mixture was bladed back and forth until all portions of 
the material appeared to be uniformly wetted and mixed. When mixing 
was completed, the windrow was immediately broken and laid out. 
Additional water was sometimes added during the rolling operation; 
however when it was applied to the surface in slight excesses, the ten-
dency toward later raveling seemed to increase . 
Rolling. Pneumatic rolling, as illustrated in Fig . 5, started 
immediately after the material was spread with coverage progressing 
from the edges toward the center. Rolling continued until the base ap-
peared firm, which usually required from four to six coverages (each 
consisting of one pass of the roller in e.ach dir-ection). When the mixture 
appeared dry - actually damp, but no evidence of surface water - addi-
tional water was added in some cases and omitted in others . As pre-
viously noted, there were indications that water added at this stage 
slightly increased raveling later 1 but also it impro-ved the density of the 
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base. Regardless of the treatment with respect to added water, the 
surface appeared very dense and well-bound at the completion of pneu-
matic rolling {See Fig. 6) . 
In the early stages of c onstru ction, rolling with a 10-ton, three-
wheel r oUer foUowed pneumatic rolling. This phase of compaction was 
eliminated since it appeared to p r oduc e no additional compaction and had 
some detrimental effects. The very dense surface resulting from pneu-
matic rolling was disturbed and l oosened during three-wheel rolling. 
Intimate c ontact between fine and c oarse aggregate seemed to be des-
troyed, leaving the coarser particles loosely bound and ea.sily disturbed 
by traffic . It i s possible that additional water prior tq flat-wheel rolling 
would h a ve improved this condition by creating a slurry on the surface. 
No attempt was made to investigate this possibility since the condition 
obt a i ned with pneumatic rolling alone was considered highly satisfactory. 
Cu ring. Prob ably curing presented the greatest problem en-
c ountered d u·r' n g c onstruction . It was feared that serious raveling would 
resu t from traffic action prior t o p riming. 
Base material aid in the fir st 0. 5 mi. was left unprimed for 
three days. Traffic caused moderate raveling .over the entire section, 
but in general rave lLing w as no more severe here than on .sections ex-
posed for sh or t er c-uring periods (See Fig. 7). Severe raveling occurr·ed 
where segregation of c oar s e aggregate was appreciable . Inspection re-
vealed that a ll raveling, except where segregation had occurred, was no 
more than a singl e stone in thicknes s (See Fig. 8) and underlying material 
comprising th e actual s ubstan.ce of the base was tightly bound. It was 
Fig. 6. Typical surface texture at the completion of 
pneumatic rolling. The base at this location was 
rolled slightly dry and no appreciable surface 
sl:urry was fo rmed. 
Fig. 7. Moderate raveling occurred over the majority 
of the base during the curing period. The base 
shown had cured for 24 hrs. Additional curing re-
sulted in little additional raveling . Only in spots 
where segregation occurred was the condition more 
severe than shown here. When the base was primed 
as soon as the surface was dry, raveling was re-
duced slightly. 
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Fig. 8. Near view of base exposed three days without 
priming. Raveling is evident, but floater material 
is but one stone in depth and underlying material is 
firmly bound. 
Fig. 9. Pot holes where the base was deficient in ma-
terial passing the No. 40 and No. 200 sieves. This 
section had been primed but affected areas were 
c<?ntinuing to deteriorate. 
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felt that floater material resul ting from raveling would be incorporated 
into the surface and thus serio s loss of material woul d be avoided. 
All of the base in the remaining 11 mi. of the project had curing 
periods varying from a f ew h our s t o five days . Those sections having 
no curing were p r imed as soon as th e surface dried . Under these 
conditions the base did not harden to a desirabl e extent , in fact, it could 
be generally cha r a cterized as sof t and spongy. Mixing C-1 surface ma-
terial on these uncured b ases was r e lativ e ly difficult because of ten-
dencies toward pulling and s cuffing of the base. 
Where the base was cured f or t hree to five days before priming, 
the compacted material was hard and firm. Slight raveling - one stone 
thickness - devel oped very quick l y , but additional exposure to traffic 
had very little effect on the s rface c ondition except where the aggre -
gate was seriously deficient i n frac tions pas sing the No. 40 and No. 200 
screens. In those cases pot h ole s dev e l oped (See Fig. 9) . . Conditions 
of this type were not ed .a t sam ple l o c ations No. 11 and No . 12 . 
Priming. An R T- 2 prime was u sed throu ghout the project. 
Quantities varied from appr oximatel y 0 . 3 gal. per sq . iYd. to approxi-
mately 0. 4 gal. per s.q . yd . P rime applied t o cured base .early in the 
project penetrated v e r y deepl y. There the rate of applic ation was ap-
proximately 0. 4 gal. per sq . yd . ; howev e r, much more could have been 
applied with no apprecia b l e runoff. The deep penetration reflected both 
the type of priming mat e rial and the por os ity of the base . 
It was desired to p revent deep penetration .and the consequent 
use of exc essive pdme. The fir s t attempt to acc omplish this was by 
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priming .the base as soon as surface drying o-ccurred. At this time,. the 
voids were practically full of water and deep JYenetratiop was prevented. 
Th¢ met~od was partially successful in that deep penetfation was largely 
prev~nted; however, as previously noted, the bas·e failed to cure properly 
-and .the spongy condition previously referred to resulted. 
· A ~ird alternative for -curing .and priming .proved most suc.cess-
ful. By this method the base was permitted to cure three to five days 
after which .it was sprinkled .lightly with water ·- e.nough to provide damp-
ness on the surface but not eneugh to cause deep penetration. When RT-2 
wa.s applied (approximately 0. 3. gal. per sq. yd.) water blocked the sur-
face voids sufficiently to prevent deep penetration. · No loss of firmness 
in the base was noted .when .this .method was use.d, and a hard working 
surface for paving operations was retained. Whenever the grader b-lade 
carrt·e into .conta.ct with the base during ·paving operations! the tendency 
was to cut the base clea.nly without weakening .it, rather than .to pull or 
scuff it thus leaving loos-e and unsta,ble material. 
FIELD AND LABORATORY TESTS 
·Te.sts were directed mainly to .the determination of aggregate 
grading and compacted density of the base. Gradation tests were made 
on aggreg-ate from both windrows and compacted base. Windrows were 
sample.d .at four lecations (approximately the quarter points of the pro-
ject) and .the compacted base was .sampl ed at thirteen .locations where 
base denaity s.amples were obtained. Data concerning these gradings 
are contained in Table 1. 
Table 1. G radation of Aggr egate in Samples F r om The Road 
Sampl e Lo.ca t ion, 
Percentage Pas sin~ Sie ve No . Miles From 
West End of 1 3/4 3/8 No . No . No . No . 
Project In . In. In . 4 10 40 200 
1* 2 . 0 100 100 74. 1 53 . 2 37 . 9 15 . 0 5 . 4 
6* 3 . 2 100 100 79 . 9 54 . 6 35 . 9 11. 1 3 . 5 
2 3 . 8 100 100 75 . 0 52 . 1 37.6 18 . 3 7 . 5 
5 4 . 5 100 100 84. 2 57 . 8 35 . 8 13 . 5 4 . 2. 
4 5 . 2 100 100 79 . 2. 56 . 9 36 . 1 12. . 5 4 . 7 
3 5 . 4 Sampl e Accidently Destroyed 
8 6 . 0 100 100 82. . 3 56 . 8 35 . 7 14. 2 3.8 
7* 6 . 5 100 100 81.9 59 . 6 40 . 4 12 . 9 3.5 
9 7. 1 100 100 78 . 0 52 . 1 34. 8 16 . 0 5.5 
10 8 . 2 100 100 83 . 5 57 . 9 39.6 18.0 6 . 5 
11 * 10 . 0 100 100 82.0 57 . 0 33 . 9 10.4 2 . 0 
12.* 10 . 6 100 100 88 . 6 63.6 33 . 4 11. 1 2 . 8 
13* 11.0 100 100 84. 0 60 . 5 37 . 9 14., 7 4 . 4 
A v g . Grading of 
Densi ty Samples 100 100 81. 1 56.7 36 . 6 14. 0 4.5 
W1 100 100 76 . 0 49 . 7 40.0 19.9 7 . 7 
W2 100 99 . 6 77 . 1 55.0 38.9 15 . 0 5 . 2 
W3 100 100 75 . 3 54 . 6 34.6 13.2 6 . 1 
W4 100 100 81. 8 56 . 9 35 . 1 15.7 6 . 9 
Avg . Grading 
5-3 . 6 From Windr ows 100 100 77 . 6 37 . 1 16.0 6 . 5 
Speci!i.cat ion L imits 100 70-100 50-80 3 5-65 25-50 15- 30 5-15 -
* Sa,rnpies f r om primed locations 
"W" Indic.ates windrow sampl es . W1 was sampled ne.ar the western end 
of the project and W4 near the eastern end, WZ and W3 were s~pled 
near the quar te r points. 
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The crushed limestone used in this project had a generally uni-
form particle shape and was b lended at the crushing plant to meet grad-
ing requirements of Special Specification Ne. 58 . Aggregate coming 
from the plant met specification requirements but it tended to be near 
th.e fine limit in the large stone sizes and near the coarse grading limit 
for the fine stone. At many locations on the road - particularity when 
material was sampled from the compacted base - the gradation fell out-
side specification limits . In some locations .this may have been partially 
due to the sample containing small quantities of RT-2 prime . Samples 
from primed base are indicated in Tabl e 1 . Eight of thirteen samples 
from the compacted base had less than 5 percent passing the No . 200 
sieve~ and nine of the thirteen had less than 15 percent passing the No . 
40 sieve. For all samples from compacted base, the average percentage 
passing ,the No. 200 sieve was one - half of one percent low, and the 
average passing the No. 40 sieve was one percent low . Windrow sample s 
were all near the coarse grading limit in th e fine sizes (See Tab le 1) 
and one of the four was outside the spe cification limi t on the No . 40 sieve 
size. 
Comparison .of aggregate grading from windrows and compacted 
base indicates slight degredation du ring construction. Aggregate from 
the compacted base generally showed increases in the percentages 
passing the 3/8 in. sieve, and some apparently increased in percentage 
passing .the No. 4 sieve . This degredation was not great and had the 
original stone been nearer center gr ading it would have had little effect, 
so far as remaining within specifications l imit was concerned . 
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Decreases in percentages passitl.g the No . 40 and No. ZOO sieves 
were noted in the compacted base as cotnpared to windrowed aggregate . 
These decreases ·probably reflect a small loss or separation of slurry 
during manipulation and spreading operations. 
Density determinations were mac\e at 13 random l ocations re -
pr.et~enting a reasonable coverage of the project . These measurements 
were made in the compacted base by use of the Reinhar Density Ap-
paratus '(See Fig. 10) . This .method c pnsists of carefully removing a 
small, :rqughly cylinderical s.ection withC?ut disturbing tpe surrounding 
base. The volume of removed material is then determined by measuring 
the vo~ume of water (enclosed in a rubber balloon) required to fill the 
hole. Density data are contained in Table 2 and sampl e locations a r.e 
tabulated in the order of their distanc e from the we stern end of the j ob 
rather than by sample numbel:'. 
Unit weight (dry) of these density sampl es a veraged 144. 5 lb. 
per cu. ft ., with a variation from 13.8 . 0 t o 155 . 0 lb. per cu. ft . The 
data .indicate that as the job p r ogressed construction became mor.e uni-
form, at least from the standpoint of base density . A verage densities 
on this project ar-e 8 . 6 lb . per cu. ft . . l ower than the 153 . 1 lb . per cu. 
ft. average attained of the Rosemont Underpass project near Lexington 
( 1). -Graded base on the Rosemont p r oject was c onstruc ted under the 
same grading specific ation but it c ontainea a different stone , a more 
desirable grading , .and 0 ! 5 perc.en t c a ~ium chloride addi t ive. It should 
( l) See 11 A Limestone-Calcium Chl oride Stabilized Base , 11 mentioned 
in footnote on page l of this report 
~0:1 
Fig. 10. Density measurement being made in a loca-
tion where the base was primed immediately after 
rolling. Compacted stone is being removed from 
a cylinderical section approximately 4 in. india-
meter and full-base depth. Volume of removed 
material was determined by use of the Reinhart 
Density apparatus shown in right foreground. 
:l02 
Table 2 . Results of Base Density Measurements 
-sample Location, ·-percent 
~0 . ~lesTrom Unit"Tiry of Percent 
West End of Weight Solid Voids 
Project lbs/cu. ft. Density 
1* 2 . 0 141.9 83.2 16 . 8 
6* 3 . 2 138.7 81.4 18.6 
2 3.8 138.0 81.0 19.0 
5 4.5 147. 3 86.5 13.5 
4 5 . 2 153.0 89 . 7 10.3 
3 5.4 155 . 0 90.8 9.2 
8 6.0 139 . 5 82 . 0 18 • .0 
7* 6 . 5 140 . 1 82 . 5 17 . 5 
9 7 . 1 144. 7 85.0 15.0 
10 8.2 147. 1 86.5 13.5 
11* 10.0 146 . 0 85.7 14.3 
1.2* 10.6 142 . 8 84.0 16.0 
13* 11.0 144.8 85 , 0 15 . 0 
Avg. 144.5 84.9 15.1 
* -samples from primed locations 
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be noted that on the Rosemont project the percentage passing a No. 200 
s±e:V:e .• never fell below 7. 0 percent, and it averaged a lmost three times 
as great as the average on the Casey County project. 
Percentage voids on this project averaged 15 . 1 with the values 
z:.anging from 9. 2 to 19.0 as compared with an average f 9 . 9 and a 
range from 4. 8 to 14. 7 percent voids on .the Rosemont project. 
The wide spread of base densities apparently resulted from varia-
tiona in moisture centent of the stone when compacted since rolling was 
approximately equal throughout the project. Th-ose areas where slurries 
I 
w.ere dey-eloped -even intermittantly - appeared to have the mare firm 
and dense base when cured l ho.wever , sufficient dens:ity measurements 
were not made to definitely establish th is . 
In addition to testing .the base as constructed on this project, it 
w.as consid.ered important to obtain some 'indication of the desirability of 
calciu_m chlo:t:ide .additions to the aggregate. Toward this end, aggre -
1 
gate passing .a No. 40 sieve w.as selected for testing since any measur -
able difference in the binding properties shoul d be most readily observed 
in the dust fraction. Specimens were p r epared and tested in tri-axial 
Bhear, both with .and without calcium chl oride additions'. This test con-
• 
sists of failing a cylinderical test speciman by axial loading while it is 
--r· 
confined by :a .uniform lateral presS:ure. Only a few specimens were 
tested and the data were too limited to suppl y more than an indication, 
howe-ver, for these tests, specimens containing o-. 5 percent calcium 
chloride showed an appreciabl e advantage in some properties. Addi-
tional tests will be conducted to better define the differences in bonding 
properties of limestone dust with and without calcium chloride. 
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OBSERVATIONS AND CONCLUSIONS 
Evaluati on of water-bound dense - graded aggr egate bases in 
general woul d requir e observations on s evera l proj e c ts involving stone 
of different characteristics ~ .a variety of weathe r conditions . and a c on-
sid~rable range in traffic u sing the r oad during construction. However, 
the length of this project a_nd the number of £a cto r s that entered as the 
work progressed p r ovide reasonabl e opportun itie s f or s ignificant ob-
servations and measurement s . In s ummary the s e are : 
1.. Weather conditions per mitted uninterrupted construc-
tion. but the hot , dry atmosph ere kept water requirements 
high, kept curing time l o , and f avored r a v e ling of the 
base under traffic . 
2. From the .standpoin t of parti ·le shape and physical 
propertie s c onducive to c ementation, the stone u sed in 
this project was highly satis factory. 
3. Gradation of aggregat p r oduced and delivered to the 
project was genera.lly within specification grading limits . 
However, f or the maje rity of l ocations tested , aggre -
gate from the compacted base fell ou tside t h e se limits . 
This coul d b e a ttributed p rimarily to " b order-line " grading.f 
by which there was a tendenc y t o appr oa c h the fine limit 
in coarser sizes and the c oar se 'mit in the fine s ize s 
of the b lended aggr-egate. Small change s in gradation 
caused by l oss of fines du ring m i xing and a l so degredation 
of coarse aggregate by the r oller were othe r c ontributing 
factors . 
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Deficie n cies in the oar s er s ize s ou l d p r ob a bly 
cau se little difficu l ty i n per ormanc e of a bas e , h oweve r, 
l a c k of fines (m a teria l pa ssin the N o . 4 0 and particularly 
the No . 2 00 sieve ~ ou.ld s eriou s ly affect bind i ng qu a lities 
and the de nsity of a om p acted b a s e. A change i n speci-
fication requiremen s t o ncreas e the minim m a mou n t 
of ;r:naterial i n fin e s ize s s eems ne c e ssary t o assure 
d e s irable gra dat i on of .st one in p l a ce. 
4. Degred.ation of aggregat e durin g c onstr ction w as a p -
p r eciabl e but p r ob a bly not a s great a s it w ould have b een 
with a s t one h a in g m ore fllat and e l ongated particle s . The 
p rin cipal effe c t of degreda "ion a s increas ed percentages 
of material i n the interme ate s i zes. Thi s indica te s that 
degr edati on oc urred m o s tly during r olli n g. Had degreda -
occurred durin g m ixing , an in ~rease in the fin e s izes 
would have re s u l ted . I t is d oubtful that degredation had 
any signifi-ca n t effe.ct on re s lts obtained in this p r oject. 
5 . On the b as i s of density test made at 1 l oc a tion s ; v oi ds 
i n the c om p a cted b a s e r an e d !r om. 9 . 2 t o 19 . 0 percen t a s 
-c ompared with 4. 8 t o 14 . 7 pe: r cen v oids in the b ase on 
t h e Ros.emont p r o ject where diff erent s tone . a m ore 
desirab e gra din g 5 and ca l .ium. ·hl oride were u s ed. The 
a verage perc ent v oids f or this p r oject as 15 . 1 a s c om -
pared t o an a v e r age of 9 . 9 on the R osemont p r oject. 
D ensitie s obtain e d on s p r oj ct indi a ed good c om-
pac t i on c onsid rin g the gradation. 
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6. The amount of water added, the curing peri od, and 
the proc edure used in applying prime had a marked 
effect on the quality of the base. Most satisfactory re-
sults were achieved when: 
{a) Water was added in quantitie s sufficient to fill the 
voids and barely surfac e under roller action . Exces-
sive quantities washed fine stone fr om the surfac e , and 
insufficient water caus ed bulking and resistance t o 
compaction. 
(b) Curing of the base extended l ong enough to permit 
hardening prior to p riming - three to five days on this 
projec t . Rav e ling occ r red under moderate traffic 
during the curing period b t this devel oped to only one -
stone depth whm gradation and other factors were 
favorable , 
(c) The base was sprinkl ed lightly immediatel y b efor e 
the R T-2 prime was applied. This prevented c ompl ete 
absorption of the p rime and h e l d the r.eq:uirements t o no 
more than 0 . 3 gal. per sq . yd. 
7. Construction was bes t when carried out in£ 11 r oad 
widths. Singl e lane c ons t r u c tion i s imp ractical and 
produces erratic results. 
8. Water requirements on work of this type vary with 
weather and atmospheric c onditions . On thi s projec t 
11. 5 to 16 gal. per t on of aggregate were used . ( 18 , 000 
to 25, 000 gal. per mi .. 
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Wetting sho"\ll d be .completed prior to mixing. h ow ever 
water may be added du r ing mixi n g or e ven durin g r olling 
if nec.es sary. 
9. Mixing shoul d b egi n immedia tel y after w ater h as 
been .added and continued until the mix is unifor m . Re-
latively short sections - not over 2000 ft . in length -
permit rapi d mixing and thus r educe evapor a tion l osses . 
10 . Satisfactory densitie s a nd surfa ce hara t e ris tic s 
were produc ed by pneumatic r ol lin g. The s t eel-wheel 
roller tended to l oosen c oar s e pa rticles a t the surfa c e 
.and thus incr ease r a veling. Addition of water t o the 
base just p rior to s teel- he.e! r ol lin g might have eli-
minated the t e nde ncy t o l oosen the s r.fa.ce by crea t ing 
a slurr y. Since pneu:m.atic r ollin g p r oduced satis fa ctory 
results 1 this was not a ttempted. 
